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Abstract 

Background: A geothermal ecosystem located at Tantloi, India has been found to be an interesting habitat for 
microbes of diverse nature. However, the microbial diversity of this habitat is poorly explored. In this study, a detailed 
phylogenetic study has been carried out to understand the bacterial diversity of this habitat and to identify prospective 
metal reducers using culture independent approach. The bacterial diversity of the sediments, which contain undetectable 
levels of Cr(VI), was analysed with respect to chromium reduction and the strains highly resistant to and efficiently reducing 
chromium under aerobic conditions were isolated and characterized. 

Results: 16S rRNA gene sequence analysis of Tantloi hot spring microbial community revealed a significant bacterial 
diversity represented by at least ten taxonomic divisions of Bacteria with clear predominance of Thermus. Similar sequence 
analysis of rRNA gene library clones derived from bacterial consortia enriched from sediments in presence of Cr(VI) revealed 
the abundance of the family Bacillaceae. Under aerobic conditions at 65°C, the consortia reduced 1 mM of Cr(VI) completely 
within 24 h and 5 mM in 6 days. A complete reduction of 1 mM Cr(VI) has been shown by five of our isolates within 36 h. 
1 6S rRNA gene sequences of all the isolates showed high degree of similarity (97-99%) to Bacillaceae with ten of them being 
affiliated to Anoxybacillus. Crude extract as well as the soluble fraction from isolates TSB-1 and TSB-9 readily reduced Cr(VI); 
TSB-1 showed higher chromium reductase activity. 

Conclusion: Most of the Tantloi Spring Bacterial (TSB) sequences analyzed in different taxonomic divisions could be related 
to representatives with known metabolic traits which indicated presence of organisms involved in redox processes of a 
variety of elements including iron, sulphur and chromium. Approximately 80% of the sequences obtained in this study 
represented novel phylotypes indicating the possibility of discovery of bacteria with biotechnologically important new 
biomolecules. Again, highly chromium-resistant and remarkably active Cr(VI)-reducing Anoxybacillus strains isolated in this 
study could serve as potential candidates for designing chromium bioremediation strategies at high temperatures and also 
at high chromium concentrations. 
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Background 

Molecular, physiological and ecological studies of ther- 
mal biosystems can provide insight into many of the 
fundamental processes and questions in biology [1,2]. 
Several studies have revealed that microbial diversity re- 
trievable by standard cultivation techniques covers only 
a minor fraction, usually less than 1%, of the diversity 
present in complex environmental samples such as soil 
[3]. In fact, most naturally occurring microbes exist in 
complex communities, and have never been cultivated 
or characterized in the laboratory [4]. Investigations on 
microbial communities of tropical environments have 
shown that tropics are richer in microbial diversity than 
boreal or temperate environments and contain remark- 
able bacterial diversity [5-7]. It is quite known that India 
is rich in its diversity, and this undoubtedly includes 
microbial diversity. However, only sporadic attempts 
have been made to isolate thermophiles and understand 
ecological roles, diversity and biotechnological applica- 
tions of microorganisms from thermal ecosystems of 
India using culture independent approaches [8,9] . Whereas 
cultivation-dependent studies are valuable for isolating 
novel organisms and exploring their properties; the cultiva- 
tion independent methods offer a more comprehensive 
assessment of microbial diversity [4,10,11]. Both the 
sediment and the soil probably represent some of the 
most complex microbial habitats on the earth. There 
may be several thousand species of bacteria in 1 g of soil 
[3,12] which can be studied using various approaches to 
understand the genetic diversity of microbial populations 
of different microbial habitats [13]. 

Chromium-reducing microorganisms have attracted 
special attention due to their potential for bioremediation. 
Soluble Cr(VI) is extremely toxic and exhibits mutagenic 
and carcinogenic effects on biological systems due to its 
strong oxidizing nature [14]. Reduction of the hexavalent 
form produces water- insoluble and less mobile Cr(III), 
which is less toxic due to a decrease in bioavailability 
[15,16]. The widespread use of chromium oxyanions in in- 
dustries such as leather tanning, metallurgy, electroplating, 
petroleum refining, textile manufacturing and pulp produc- 
tion has resulted in large quantities of chromium being 
discharged into the environment. The discharge of 
heavy metals into the environment by different indus- 
tries constitutes one of the major causes of land and 
water pollution [17]. 

Tantloi in the Jharkhand state of India harbors a 
geothermal ecosystem having microbes of diverse na- 
ture. Water flowing in shallow streams reaches a 
temperature as high as 70°C. Layers of reddish precipi- 
tate, dominated by Fe 3+ , are seen to be forming on the 
sides. Beneath the reddish layer has been found darker 
soil containing iron in the reduced form. In this study, 
we aimed to explore the bacterial community present 



in Tantloi hot spring to gain knowledge about nature 
and possible roles of microorganisms present therein 
with respect to redox phenomena. Considering that 
chromium-reducing bacteria had a prospect in bio- 
remediation applications, enrichment consortia were 
derived from the native samples and their chromium- 
reducing properties were studied to isolate highly 
resistant strains that can efficiently reduce toxic chro- 
mium (VI). Furthermore, cell-free extracts of the most 
active isolate were used to study hexavalent chromium 
reduction in vitro. 

Results 

Hot spring sediments 

The sediment temperature varied between 68-69°C and 
the pH of water at corresponding points between 8.0-9.0. 
The total chromium content was 300 mg kg - (dry weight) 
while, free soluble chromium level and Cr(VI) content 
were below detection level. 



16S rDNA library 

The yield of DNA obtained from sediments was about 
5 ug/g of sample (wet weight). Although DNA isolated 
from sediment samples initially was not amplifiable and 
contained a brownish tinge possibly due to coextraction 
of humic contaminants, two rounds of purification 
through QIAGEN Genomic tip resulted in almost color- 
less DNA solution. PCR amplification was standardized 
with respect to template concentration. Addition of more 
than 1 ng of template DNA in 50 ul of PCR reaction mix 
resulted in complete inhibition of the reaction. Template 
concentration of 600 pg per reaction gave the best yield. 

A 16S rRNA gene library was generated using the 
1.3 kb gel purified amplification product from native soil 
samples. Out of 70 such clones sequenced, 45 were 
found to be unique. BLAST analysis revealed that all the 
sequences were bacterial in nature. They could be classi- 
fied into ten taxonomic divisions (Figure 1). Although 
the majority of the clones (30 out of 70) belonged to the 
division Deinococcus-Thermus, there were representatives 
of the divisions Proteobacteria, Firmicutes, Nitrospira, 
Chloroflexi, Aquificae, Cyanobacteria, Thermotogae and 
Verrumicrobia. When the phylotypes were compared with 
the closest organisms of known metabolic traits within the 
respective groups, a remarkable metabolic diversity was 
apparent in the native bacterial community (Table 1). The 
efficiency of lysis of soil bacteria during DNA extraction 
could be relied upon since a sizeable number of Bacillus 
species that are relatively resistant to lysis could be identi- 
fied [18]. A neighbor-joining tree constructed using an 
archeon Methanospirillum as outgroup with MEGA 3.1 
software is shown in Figure 1. 
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Figure 1 Phylogenetic tree deduced from the 16S rRNA gene sequences of Tantloi hot spring sediments by neighbor-joining algorithm. 

Reference sequences were chosen to represent the broadest diversity of Bacteria. The archeon Methanospirillum hungatei was used as outgroup. 
Branch points supported with bootstrap values > 50% are indicated. The scale below shows substitution per site. 



Enrichment culture 

Sequence analysis of the 16S rRNA gene clones revealed 
a predominance of Thermus in the native sample. Inter- 
estingly, two of the close relatives were Thermus SA-01 



and Thermus sp. NMX2 A.l which were earlier reported 
to be capable of reducing a number of metals including 
chromium [19]. We analyzed the chromium reduction 
ability of the consortia enriched in presence of Cr(VI) 
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Table 1 Predicted energy metabolism of some native phylotypes 



Clone no. Closest group 



Representatives with known energy metabolism 
closest to native clones 



Predicted energy metabolism 



TSBN-1 to 
TSBN-21 



TSBN-22 to 
TSBN-24 

TSBN-28 

TSBN-34 



TSBN-35, 
TSBN-36 



TSBN-39 



Thermus-Deinococcus Thermus SA-01 (AF020205) 
group 

Thermus sp. NMX2 A.1 (L09661 



fi-Proteobacteria 

E-Proteobacteria 
Clostridia 



Nitrospira 



Aquificales 



Thermothrix thiopara 
Clone IRR-DS7-17. \ 

Thermoanaerobacter siderophilus (AF 120479) 
Thermoanaerobacter ethanolicus strain X513 (AF542520) 

Thermodesulfovibrio sp. TGE-P1 (AB021302) 

Thermodesulfovibrio yellowstonii (AB231 858) 
Thermocrinis sp. H7L1 B (AJ320222) 



Reduction of Fe, S, Mn, Cr, U and Co under anaerobic 
condition 

Dissimilatory reduction of Fe, Mn, Cr,U and Co under 
anaerobic condition, sulfur oxidation under aerobic 
conditions 

Sulfur oxidation 



Nitrate, sulfate and ferric iron reduction 

Anaerobic Fe(lll)-reduction 

Dissimilatory reduction of Fe, Mn, Cr,U and 
Co under anaerobic condition 

Sulfate reduction 

Sulfate reduction 
Utilization of sulfur 



and observed that under anaerobic conditions the consortia 
grew well at 0.3 mM initial Cr(VI) concentration. At 
0.5 mM concentration, growth was slower whereas at 

I mM initial Cr(VI) concentration, no growth was observed 
even after 10 days of incubation. Apparendy, 1 mM Cr(VI) 
was toxic to the bacterial population. Besides, anaerobic 
enrichment consortia reduced 0.3 mM Cr(VI) completely 
within 3 days while at 0.5 mM initial concentration, complete 
reduction occurred only after 15 days (data not shown). 

Consortia incubated under aerobic conditions, in con- 
trast, showed bacterial growth and chromium reduction 
at different Cr(VI) concentrations up to 5 mM (Figure 2). 
At 1 mM of initial Cr(VI) concentration, the reduction 
was complete within 24 h with no inhibitory effect on 
bacterial growth and 2 mM Cr(VI) was completely re- 
duced in 48 h although the bacterial growth was slower. 
At 5 mM initial Cr(VI) concentration, complete reduc- 
tion required about 6 days and bacterial growth was 
conspicuously retarded. Even at 20 mM concentration, 
reduction was observed, although much slowly, 75% being 
reduced in 25 days (data not shown). It may be noted that 
there was negligible Cr(VI) reduction in uninoculated 
medium or medium inoculated with autoclaved soil. 

We randomly picked 30 16S rRNA gene clones from 
the library derived from the enrichment consortia and 
sequenced. Of them 18 were found to be unique. Carry- 
ing out BLAST analysis and constructing phylogenetic 
tree 14 of the unique sequences could be affiliated to 
Bacillus while 4 to Anoxybacillus (Figure 3). The tree 
topology was virtually similar for different algorithms as 
mentioned in Methods. 

Cr(VI) reduction by pure isolates 

II Pure isolates were obtained from the consortia on 
LB-agar medium containing 5 mM Cr(VI) and 10 of them 



were analyzed for chromium-resistance and chromium- 
reducing properties. All the isolates grew on LB-agar 
medium containing up to 5 mM Cr(VI) when incubated 
at 65°C. Visible colonies were observed on agar medium 
containing 10 mM Cr(VI) in 48 h with all the isolates 
except three, namely, TSB-4, TSB-5 and TSB-10, which 
formed such colonies only after 3 days of incubation. On 
plates containing 20 mM Cr(VI), colonies were formed by 
TSB-1, 2, 3, 7, 8, 9 and 11 after 7 days of incubation at 
65°C while isolates, TSB-1, 2 and 9 formed colonies on 
30 mM Cr(VI) after 14 days of incubation. To be noted that 
we analyzed the strain TSB-6 in our previous study [20] . 

Cr(VI) reduction activity of the isolates under aerobic 
conditions is shown in Table 2. TSB-1, 2, 5, 9 and 11 
reduced 1 mM Cr(VI) completely within 36 h, four 
other did so in 48 h while TSB-8 did not reduce Cr(VI) 
completely even after 3 days of incubation. TSB-1 and 
9 showed the high reduction activity amongst the iso- 
lates that completely reduced Cr(VI) (Table 2) and their 
reduction potential was studied at higher initial con- 
centrations. Both TSB-1 and TSB-9 reduced 2 mM Cr 
(VI) completely within 52 h at about the same rate 
while 5 mM Cr(VI) was reduced completely in 6 days 
by both the isolates, however, better growth and reduc- 
tion potential was found with TSB-1 (Figure 4). 

BLAST analysis was carried out with 16S rRNA gene 
sequences of all the 11 isolates. All of them had high 
levels (97-99%) of sequence similarity with microorgan- 
isms of the family Bacillaceae; in fact, ten out of the 
eleven could be affiliated to the genus Anoxybacillus 
while TSB-10 had sequence similarity (97%) with Bacillus 
IS-2004 and uncultured Geobacillus isolate Td. Phylogen- 
etic tree constructed with 16S rRNA gene sequences using 
neighbor joining, parsimony and minimum evolution 
algorithms showed that the isolates clustered closely with 
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Figure 2 Aerobic growth and Cr(VI) reduction by enrichment 
consortium for 1 mM (a) 2 mM (b) and 5 mM (c) initial 
concentrations of Cr(VI). In each frame (•) indicates growth of cells 
as measured by OD 60 o n m. (n) reduction by medium alone and (♦) 
reduction by consortium. Error bars indicate standard deviation of 
triplicate experiments. 



the members of the genus Anoxybacillus except for TSB- 
10 which clustered with members of the genus Bacillus I 
Geobacillus. A neighbor-joining tree with Bacillus subtilis 
as outgroup is shown in Figure 5. 

Localization of chromate reductase activity 

Chromium-reduction activity of TSB-1 was further 
characterized with respect to its cell-free extract. Crude 
extracts were fractionated by ultracentrifugation into 
soluble and membrane components. For in vitro assay 
of Cr(VI) reductase activity, NADH was used as the 
electron donor. The crude extract as well as the soluble 
fraction readily reduced Cr(VI). When equal amounts 



of protein were used in the reactions, the soluble frac- 
tion showed higher activity at all the tested initial Cr 
(VI) concentrations (Figure 6). This might be due to 
some inhibitor present in the crude extract. Reduction 
by the membrane fraction was found to be negligible. 
Similar experiments with TSB-2 and TSB-4 also indi- 
cated that Cr(VI) reduction activity was associated with 
the soluble fraction (data not shown). 

The time course of Cr(VI) reduction by different frac- 
tions of the cell-free extract was carried out with NADH 
as the electron donor taking the initial Cr(VI) concentra- 
tion of 50 uM (Figure 7). The specific activity calculated 
on the basis of initial 15 min reaction was 6.88 U mg -1 
protein for the crude extract and 15.67 U mg~ protein 
for the soluble fraction (1 unit is defined as the amount 
of enzyme that converts 1 nmol of Cr(VI) min~ at ex- 
perimental conditions as described in Methods). 

Discussion 

The current study has revealed a significant metabolic 
diversity represented by at least ten taxonomic divisions 
of Bacteria with clear predominance of Thermus in 
Tantloi hot spring. Approximately 80% of the sequences 
obtained in this study represented novel phylotypes that 
had less than 97% similarity with known sequences. If 
we have to understand the roles of hitherto uncultivated 
microbes in an ecosystem, it will be necessary to infer 
physiological properties of organisms based on molecu- 
lar data. An rRNA sequence in the absence of additional 
information provides little insight into the metabolism 
of the organisms that contributed the sequences. If, 
however, phylogenetic analysis groups the sequence with 
those of organisms that all possess a particular trait, then 
that trait is likely to occur in the organism which is 
otherwise known only by a sequence [21]. Hence, based 
on phylogenetic analysis, it is possible to speculate the 
nature of energy metabolism of microorganisms present 
in a specific bacterial community [21]. We have found 
that most of the TSB sequences in different taxonomic 
divisions could be related to representatives with known 
metabolic traits. Organisms with such physiological 
properties could, therefore, be expected to reside in 
Tantloi hot spring sediments. Relatedness to Thermus 
and Thermoanaerobacter suggested that some organisms 
might have the capability to reduce Fe(III), Mn(IV), Co 
(III), U(VI), SO4" and Cr(VI) while the presence of 
Thermodesulfovibrio- and Aquifex-related bacteria in- 
dicated sulfate reduction. Interestingly, closely related 
bacteria Thermus SA-01 and Thermus sp. NMX2 A.l 
are capable of reducing different metals including 
chromium [19]. Although the sediment samples collected 
from the non chromium(VI) contaminated source, cul- 
tures enriched in presence of Cr(VI) were found to reduce 
chromium both aerobically and anaerobically. Our previous 
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Figure 3 Phylogenetic tree deduced from the 16S rRNA gene sequences as obtained from the enrichment consortium by neighbor 
joining algorithm. Bacillus subtilis was used as outgroup. Branch points supported with bootstrap values > 50% are indicated. The scale below 
shows substitution per site. 



study demonstrated similar finding with the isolate TSB-6 
[20]. However, sequence analysis of rRNA gene library 
clones derived from the enrichment consortia revealed the 
abundance of family Bacillaceae. Further, 10 out of the 11 
isolates obtained by purification on LB-agar medium 
containing 5 mM Cr(VI) were affiliated to the genus 
Anoxybacillus, the remaining one showed 97% similarity 
to Bacillus. 

Thus, the native sediment samples of Tantloi hot 
streams, although predominated by Thermus, yielded on 
enrichment mostly Anoxybacillus isolates. Encouragingly, 



the enrichment consortia as well as all the isolates had a 
remarkable capacity to reduce Cr(VI) aerobically at high 
temperatures. The consortia could reduce up to an initial 
concentration of 20 mM Cr(VI) whereas a few of the 
isolates reduced an initial concentration of 5 mM Cr 
(VI) completely in 6 days. 

Efficient microbial reduction of chromium has been 
earlier reported at high temperatures especially under 
anaerobic conditions. An anaerobic hyperthermophilic 
archaeum, Pyrobaculum islandicum, reduces 400 uM of 
Cr(VI) completely within 2 h [22]. Two strains of the 
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Table 2 Growth of and Cr(VI) reduction by chromium-resistant isolates at starting cell density O.D. e00 ca.0.1 after 
36 hours incubation 



Isolate no. 


^600 


Residual Cr(VI) a (mM) 


% Cr(VI) reduced 


Cr(VI) transformed per A 600 of growth 


TSB-1 


0.56 


0 


100 


1.79 


TSB-2 


0.65 


0 


100 


1.54 


TSB-3 


0.3 


0.4 


60 


2.00 


TSB-4 


0.251 


0.6 


40 


1.59 


TSB-5 


0.690 


0 


100 


1.45 


TSB-7 


0.325 


0.65 


35 


1.08 


TSB-8 


0.202 


0.68 


32 


1.58 


TSB-9 


0.0.596 


0 


100 


1.68 


TSB-1 0 


0.42 


0.66 


34 


0.81 


TSB-1 1 


0.695 


0 


100 


1.44 



genus Thermus, SA-01 and NMX2.A1, are known to 
reduce a number of metals including chromium at 65°C 
[19]. It is interesting to note that most strains of Thermus 
have been classified as obligate aerobes [23]. However, 
Thermus strains SA-01 and NMX2.A1 are facultative 
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Figure 4 Growth pattern and Cr(VI) reduction by isolates TSB-1 
and TSB-9 for initial Cr(VI) concentrations of (a) 2 mM and (b) 

5 mM. In each frame growth as measured by OD 500 nm for TSB-1 (•) 
and TSB-9 (o) and chromium reduction by TSB-1 (♦), TSB-9 (O) and 
medium alone (□) have been shown. Error bars indicate standard 
deviation of triplicate experiments. 



anaerobes and, in fact, were shown to reduce Cr(VI) and 
other metals under anaerobic conditions - 120 uM Cr(VI) 
is reduced completely in 20 h [19]. A thermophilic strain 
TOR 39 of Thermanaerobacter can anaerobically reduce 
chromium at 65°C, however, at initial Cr(VI) concentra- 
tions below 1 mM [24]. 

Chromium reducing consortia have been enriched earl- 
ier from a non-contaminated source under mesophilic 
conditions by Bader et al. [25]. We have, in addition to 
the enrichment of chromium-reducing consortia from a 
non-contaminated source at a high temperature, carried 
out a molecular analysis of the native and enriched micro- 
organisms and identified the pure isolates. It has been 
speculated that microorganisms present in such environ- 
ments may reduce chromium by enzyme(s) with a com- 
pletely unrelated primary physiological role [25]. 

Localization of the chromate reduction activity in the 
pure isolates indicated certain similarities of these with a 
number of Pseudomonas strains [26-28] which possess a 
soluble reductase. There are other strains, however, [28,29] 
where the reduction activity is membrane associated. A 
Bacillus strain has also been reported to possess a soluble 
Cr( VI) -reducing enzyme that is stimulated by copper [30]. 
It may be noted that consistent with the significant 
whole-cell reduction activity of TSB-1, the crude extract 
as well as the soluble fraction of the isolate also possessed 
a very high specific activity. 

The results from the present study showing thermophilic 
bacteria efficiently reduce high concentrations of chromium 
under aerobic conditions have important future prospects. 
First, anaerobic conditions would be difficult to achieve in 
soils [25]. Second, it has been speculated that under 
anaerobic soil conditions with high electron pressure 
microbes may play little direct role in the chemical 
reduction of Cr(VI) by Fe(II) or sulfides, but aerobic 
conditions with low reducing agent concentrations 
would require microorganisms to play an important 
role [31]. Besides, aerobic microorganisms usually being 
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Figure 5 Phylogenetic tree of chromium-resistant pure isolates by neighbor joining algorithm. Bacillus subtilis was used as outgroup. 
Branch points supported with bootstrap values > 50% are indicated. The scale below shows substitution per site. 
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Figure 6 Percentage Cr(VI) reduction by cell extracts of TSB-1 
with NADH as electron donor. Percentage reduction is shown at 
different initial concentrations of Cr(VI) as observed after 90 minutes 
of incubation. Error bars indicate standard deviation of triplicate 
experiments. 
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Figure 7 Time course of Cr(VI) reduction by cell extracts of 
TSB-1 with NADH as electron donor. The concentration of Cr(VI) 
used in this study was 50 uM. Error bars indicate standard deviation 
of triplicate experiments. 
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more amenable to mutation studies and genetic manipula- 
tions on these strains may help elucidate the mechanisms 
of chromium reduction at high temperatures. Our isolates 
also have considerable potential for bioremediation at high 
chromium concentrations which, in cases of several other 
Cr(VI)-reducing bacteria, have shown pronounced growth 
inhibition. 

Conclusions 

In this study, 16S rRNA gene clone library based analysis 
was performed to understand the bacterial diversity present 
in a hot spring in Tantloi, India. No, such detailed 
phylogenetic analysis of the bacterial community is yet 
reported from this hot spring ecosystem. The analysis 
revealed that Tantoli hot spring sediment harbored a 
phylogenetically diverse bacterial population represented 
by at least ten taxonomic divisions. As approximately 80% 
of the sequences obtained in this study represented novel 
phylotypes that had less than 97% similarity with known 
sequences, many novel and useful extremophilic microbes 
are expected to be discovered from this hot spring in the 
near future. Further, The hot spring that we have explored 
in this study, though not a chromium-contaminated site, 
contains thermophilic Bacillus and Anoxybacillus strains 
with highly efficient aerobic Cr( VI) -reducing activity. 
Chromate reduction in some of the isolates obtained in 
this study is found to be mediated by a soluble cytoplasmic 
enzyme. These isolates should enable purification of reduc- 
tases with high specific activity. Chromium bioremediation 
strategies at high temperature could also be designed utiliz- 
ing the isolates obtained and/or enzymes isolated from 
them. 

Methods 

Sediment samples 

Sediment samples were collected from a hot spring in 
Tantloi, situated in a region bordering West Bengal and 
Jharkhand states of India in sterile polypropylene tubes. 
The temperature and pH of the sediment at the site of 
collections were determined respectively by a digital pH 
meter and a temperature recorder. Portions of the sam- 
ples were stored in 10% glycerol for enrichment and 
pure culture isolation. Samples were labeled properly 
and brought to the laboratory on ice. The total chromium 
content of soil samples was determined by Atomic Ab- 
sorption Spectroscopy after acid digestion of the dried and 
powdered samples with hydrofluoric and perchloric acid 
(Modification of EPA method-3052) [32]. Cr(VI) concen- 
trations were determined colorimetrically at 540 nm by 
reaction with diphenyl carbazide reagent after hot alkali 
digestion of samples as described in EPA method 3060A 
[33]. Free Cr(VI) in water and soil samples was measured 
by diphenyl carbazide reaction after extraction with 
deionized water [34]. 



DNA extraction 

DNA was extracted from the sediment samples according 
to the procedure described by Yamamoto et al. [35] with 
slight modifications. Briefly, ca. 5 g (wet weight) of the soil 
sample was suspended in 10 ml soil buffer (50 mM Tris. 
CI, 200 mM NaCl, 5 mM EDTA, 0.05% Triton X-100 at 
pH 8.3 ). After centrifugation the pellet was washed with 
10 ml soil buffer without Triton X-100 and resuspended 
in 5 ml of lysis buffer (10% Sucrose, 0.7 M NaCl, 40 mM 
Na 2 EDTA, 50 mM Tris.Cl, pH 8.3). Lysozyme was added 
to a final concentration of 1 mg ml -1 . The suspension was 
subjected to 3 cycles of disruption by freezing at - 65°C 
and thawing at + 65°C. The samples were then treated 
with 50 ug ml 1 proteinase K at 55°C for 1 h followed by 
1% SDS at 55°C for 1.5 h with gende mixing by inversion 
every 15-20 min. The slurry was further treated with 1% 
hexadecyltrimethyl ammonium bromide (CTAB) at 55°C 
for 30 min. The lysate was extracted once with equal 
volume of phenol-chloroform (1:1) and once with 
chloroform. Nucleic acids were recovered by ethanol 
precipitation. After removal of RNA by RNase digestion, 
DNA was passed twice through QIAGEN Genomic Tip 
100/G to eliminate humic contaminants. 

Analysis of 16S rRNA genes 

1 pg to 50 ng of the total community DNA was amplified 
in a 50 ul reaction mixture containing 5 ul of 10 x PCR 
buffer (MBI, Fermentas), 45 pmol of each primer, 0.2 mM 
of each of the four dNTPs and 2.5 U of Taq polymerase 
(MBI, Fermentas) using bacteria-specific forward primer 
5'-AGA GTT TGA ACA TGG CTG-3' (S-D-Bact-0027-a- 
S-18) and reverse primer 5'-CTA GCG ATT CCG ACT 
TCA-3' ( S-D-Bact-1327-a-A-18) [36]. The numbers refer 
to the positions in the Escherichia coli 16S rRNA [37]. 
Reaction mixtures were incubated in a thermal cycler 
(GeneAmp 2400 PCR system, PE Applied Biosystems) 
for an initial denaturation at 94°C for 2 min followed 
by 40 cycles of 94°C for 1 min, 50°C for 1 min and 72°C 
for 2 min. Amplified DNAs were gel purified (QIAGEN 
Gel Extraction kit, QIAGEN, Germany). The purified 
DNAs were cloned directly by the TA cloning method 
(30) with a pGEM-T easy vector system II kit (Promega). 
The clones were sequenced using vector specific primers 
in an ABI Prism 3100 (16 capillary) sequencer (Applied 
Biosystems) according to manufacturer's instruction. 

Phylogenetic analyses 

All sequences were edited manually and trimmed to 
remove ambiguous regions using BioEdit software [38]. 
Only sequences which read > 500 bp were used in the 
analyses. Sequences were aligned among themselves by 
Clustal W multiple sequence alignment program to check 
their uniqueness. The CHECK_CHIMERA of RDP [39] 
and Bellerophon [40] programs were used to identify 
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possible chimeric sequences which were then removed 
from further analysis. Sequences were examined for 
their approximate phylogenetic affiliations and orien- 
tation by employing BLAST program. Further, these 
sequences together with that of their closest relatives, 
as downloaded from databases, were aligned by Clustal 
W. Phylogenetic analyses were restricted to nucleotide 
positions that could be unambiguously aligned in all 
sequences and a neighbor-joining tree was constructed 
with MEGA 3.1 package [41]. The archeon Methanobacteria 
was used as the outgroup. Bootstrap analysis (1000 rep- 
licates) was performed with Kimura-2-parameter model 
to obtain confidence estimates for the phylogenetic tree. 

Cr-reducing enrichment consortia 

Sediment samples were inoculated in Luria-Bertani (LB) 
broth (Difco) supplemented with different Cr(VI) con- 
centrations ranging from 0.3 to 5 mM and incubated at 
65°C. The source of Cr(VI) in this study was I<2Cr04, 
prepared as 1 M stock solution, sterilized by filtration 
and added just prior to inoculation. There were three 
controls: (a) medium inoculated with autoclaved soil and 
(b) uninnoculated medium containing appropriate con- 
centrations of Cr(VI) in order to rule out abiotic reduction, 
and (c) consortia without chromium to determine the 
inhibitory effect of Cr(VI) on bacterial growth, if any. 
Growth was monitored by A 60 n measurements [32] 
while Cr(VI) reduction (residual chromate measurement) 
was assayed by S-diphenyl carbazide method as described 
previously after removing the cells by centrifugation and 
diluting the supernatant as required. DNA from 2 day old 
Cr(VI)-reducing aerobic enrichment culture was purified 
as described previously for soil DNA except for the fact 
that washing was done twice with STE buffer only. Sub- 
sequently, 16S rRNA gene library was constructed from 
this DNA, clones were sequenced and phylogenetic 
analyses with 1025 bootstrap replicates were carried out. 
Trees were calculated by maximum parsimony, neighbor 
joining and minimum evolution algorithms in MEGA 3.1 
package. 

Pure culture isolation 

For pure culture isolation, Cr(VI) reducing enrichment 
culture was diluted, plated on LB-agar (3%) medium 
containing 5 mM of Cr(VI) in Hungate tubes and incu- 
bated for 2 days at 65°C [20]. Colonies were transferred 
thrice on similar medium and 11 isolates growing well 
on 5 mM Cr(VI) supplemented medium were subjected 
to phylogenetic analysis as described earlier and their Cr 
(VI) -reducing activity studied. 

Cr(VI) reduction and corresponding growth rate at 
various Cr(VI) concentrations were studied by A 540 and 
A 60 o measurements respectively. Isolates were also trans- 
ferred on LB-agar medium containing 10 mM, 20 mM 



and 30 mM Cr(VI) to observe the tolerance of the 
isolates to high Cr(VI) concentrations. 

Cell fractionation and chromium reduction 

Cells from overnight cultures were harvested by centri- 
fugation at 4000 g for 10 min, washed and resuspended 
in 50 mM Tris-HCl buffer, pH 7.0. They were disrupted 
in an ice bath with an ultrasonic probe (Labsonic M, 
Sartorius, Gottingen, Germany). The sonicate was 
centrifuged at 13,000 g for 15 min at 4°C to remove 
cell debris and unbroken cells. A portion of this cell-free 
extract was centrifuged at 150,000 x g for 1 hour at 4°C. 
The supernatant thus produced was the soluble fraction 
while the pellet resuspended in 50 mM Tris-HCl buffer, 
pH 7.0 used as the membrane fraction [20]. Protein 
concentration was estimated by Lowry method using 
bovine serum albumin as standard. 

Chromium reduction was studied by adding equivalent 
amounts of crude cell extract, soluble fraction and 
membrane fraction to the reaction mixtures containing 
50 mM Tris-HCl, pH 7.0, 50 u.M K 2 Cr0 4 and 0.2 mM 
NADH. The total reaction volume was 2 ml and tubes 
were incubated at 65°C. Aliquots were removed at regular 
time intervals and Cr(VI) remaining was measured 
spectrophoto metrically by S-diphenyl carbazide method 
as mentioned earlier. Reduction was also studied at higher 
initial chromium concentrations of 100 uM, 200 uM and 
500 uM. 

Nucleotide sequence accession numbers 

The accession numbers of 16S rRNA gene sequences de- 
termined in the present study and deposited in GenBank 
are as follows: EF017721-EF017765 (native), EF017767- 
EF017784 (enrichment) and EF017785-EF017795 (pure 
isolates). 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

PJ carried out the experiments, molecular analyses and participated in the 
research design. HMR discussed the analyses, presentation of data and 
critically reviewed the manuscript. SP provided supervision, participated in 
the research design and drafting the manuscript. All authors read and 
approved the final manuscript. 

Acknowledgements 

We express our deep gratitude to Binayak Dutta-Roy, who has been the 
main inspiration behind this work. We also thank Sailen Pal of Jadavpur 
University for his technical help and cooperation. 

Received: 20 May 2014 Accepted: 12 August 2014 
Published: 2 September 2014 

References 

1. Reysenbach AL, Shock E: Merging genomes with geochemistry in 
hydrothermal ecosystems. Science 2002, 296:1077-1082. 

2. Pace NR: A molecular view of microbial diversity and the biosphere. 

Science 1 997, 276:734-740. 



Jain et al. Aquatic Biosystems 2014, 10:7 
http://www.aquaticbiosystems.Org/content/10/1/7 



Page 11 of 1 1 



3. Torsvik V, Ovreas L, Thingstad TF: Prokaryotic diversity -magnitude, 
dynamics, and controlling factors. Science 2002, 296:1064-1066. 

4. DeLong EF: Microbial population genomics and ecology. Current Opin 
Microbiol 2002, 5:520-524. 

5. Clementino MM, Fernandes CC, Vieira RP, Cardoso AM, Polycarpo CR, 
Martins OB: Archaeal diversity in naturally occurring and impacted 
environments from a tropical region. J Appl Microbiol 2007, 
103:141-151. 

6. Lovelock CE, Ewel JJ: Links between tree species, symbiotic fungal 
diversity and ecosystem functioning in simplified tropical ecosystems. 

New Phytol 2005, 167:219-228. 

7. Piza FF, Prado PI, Manfio GP: Investigation of bacterial diversity in Brazilian 
tropical estuarine sediments reveals high actinobacterial diversity. 

Antonie Van Leeuwenhoek 2004, 86:317-328. 

8. Satyanarayana T, Raghukumar C, Shivaji S: Extremophilic microbes: 
diversity and perspectives. Curr Science 2005, 89:78-90. 

9. Sharma B, Verma R, Dev K, Thakur R: Molecular characterization of 
Manikaran hot spring microbialcommunity by 16S rRNA and RAPD 
analysis. Bio Technol 2012, 6:254-266. 

10. Tringe SG, Hugenholtz P: A renaissance for the pioneering 16S rRNA 
gene. Curr Opin Microbiol 2008, 1 1 :442-446. 

11. Hou W, Wang S, Dong H, Jiang H, Briggs BR, Peacock JP, Huang Q, Huang L, 
Wu G, Zhi X, Li W, Dodsworth JA, Hedlund BP, Zhang C, Hartnett HE, 
Dijkstra P, Hungate BA: A Comprehensive census of microbial diversity in 
hot Springs of Tengchong, Yunnan Province China using 16S rRNA gene 
pyrosequencing. PLoS One 2013, 8:e53350. 

12. Torsvik V, Goksoyr J, Daae FL: High diversity in DNA of soil bacteria. 
Appl Environ Microbiol 1 990, 56:782-787. 

13. Ghosh A, Dey N, Bera A, Tiwari A, Sathyaniranjan KB, Chakrabarti K, 
Chattopadhyay D: Culture independent molecular analysis of bacterial 
communities in the mangrove sediment of Sundarban. India Saline Syst 
2010. 6:1. 

14. Sheik CS, Mitchell TW, Rizvi FZ, Rehman Y, Faisal M, Hasnain S, Mclnerney 
MJ, Krumholz LR: Exposure of soil microbial communities to chromium 
and arsenic alters their diversity and structure. PLoS One 2012, 7:e40059. 

15. Cervantes C: Bacterial interactions with chromate. Antoine van 
Leeuwenhoek 1991, 59:229-233. 

1 6. Narayni M, Vidya SK Chromium resistant bacteria and their environmental 
condition for hexavalent chromium removal-a review. Crit Rev Environ Sci 
Tech 2013, 43:955-1009. 

1 7. Chen JM, Hao OJ: Microbial chromium (VI) reduction. Crit Rev Environ Sci 
Tech 1998, 28:219-251. 

1 8. Borneman J, Skroch PW, O sullivan KM, Palus JA, Rumjanek NG, Jansen JL, 
Nienhuis J, Triplett EW: Molecular microbial diversity of an agricultural soil 
in Wisconsin. Appl Environ Microbiol 1 996, 62:1 935-1 943. 

1 9. Kieft TL, Fredrickson JK, Onstott TC, Gorby YA, Kostandarithes HM, Bailey TJ, 
Kennedy DW, Li SW, Playmale AE, Spadoni CM, Gray MS: Dissimilatory 
reduction of Fe(lll) and other electron acceptors by a Thermus isolate. 
Appl Environ Microbiol 1999, 65:1214-1221. 

20. Paul SC. Jain P, Mitra J, Dutta S, Bhattacharya P, Bal B, Bhattacharya D, Gupta 
SD, Pal S: Induction of Cr(VI) reduction activity in an Anoxybacillus strain 
under heat stress: a biochemical and proteomic study. FEMS Microbiol 
Lett 2012, 331:70-80. 

21. Hugenholtz P, Pitulle C, Hershberger KL, Pace NR: Novel division level 
bacterial diversity in a Yellowstone hot spring. J Bacteriol 1 998, 180:366-376. 

22. Kashefi K, Lovely DR: Reduction of Fe(lll), Mn(IV), and toxic metals at 1 00°C 
by Pyrobaculum islanicum. Appl Environ Microbiol 2000, 66:1 050-1 056. 

23. Hudson JA, Morgan HW, Daniel RM: Numerical classification of Thermus 
isolates from globally distributed hot springs. Syst Appl Microbiol 1989, 

1 1 :250-256. 

24. Zhang C, Liu S, Logan J, Mazumder R, Phelps TJ: Enhancement of Fe(lll), Co 
(III) and Cr(VI) reduction at elevated temperatures and by a thermophilic 
bacterium. Appl Biochem Biotechnol 1996, 57/58:923-932. 

25. Bader JL, Gonzalez G, Goodell PC, Ali AS, Pillai SD: Aerobic reduction of 
hexavalent chromium in soil by indigenous microorganisms. 
Bioremediation 1 999, 3:201-21 1 . 

26. Ishibashi Y, Cervantes C, Silver S: Chromium reduction in Pseudomonas 
putida. Appl Environ Microbiol 1 990, 56:2268-2270. 

27. Park CH, Keyhan M, Wieling B, Fendorf S, Matin A: Purification to 
homogeneity and characterization of a novel Pseudomonas putida 
chromate reductase. Appl Environ Microbiol 2000, 66:1788-1795. 



28. McLean J, Beveridge TJ: Chromate reduction by a Pseudomonad isolated 
from a site contaminated with chromated copper arsenate. Appl Environ 
Microbiol 2001 , 67:1 076-1 084. 

29. Bopp LH, Ehrlich HL: Chromate resistance and reduction in Pseudomonas 
fluorescence strain LB300. Arch Microbiol 1988, 150:426-431. 

30. Camargo FAO, Okeke BC, Bento FM, Frankenberger WT: In vitro reduction of 
hexavalent chromium by a cell-free extract of Bacillus sp. ES 29 stimulated 
by Cu 2+ . Appl Microbiol Biotechnol 2003, 62:569-573. 

31 . James BR: Chemical transformations of chromium in soils: relevance to 
mobility, bioavailability and remediation. In The Chromium File, No. 8. 
Paris: The International Chromium Development Association; 2002. 
httpy/www.icdachromium.com/pdf/publications/crfile8feb02.html. 

32. EPA Method 3052: Microwave assisted acid digestion of siliceous and 
organically based matrices. 1996. http://www.epa.gov/epaoswer/hazwaste/ 
test/pdfs/3052.pdf. 

33. EPA Method 3060A: Alkaline Digestion for hexavalent chromium. 1996. 
http://www.epa.gov/epaoswer/hazwaste/test/pdfs/3060A.pdf. 

34. Pattanapipitpaisal P, Brown NL, Macaskie LE: Chromate reduction and 16S 
rRNA identification of bacteria isolated from a Cr(VI)-contaminated site. 
Appl Microbiol Biotechnol 2001 , 57:257-261 . 

35. Yamamoto H, Hiraishi A, Kato K, Chiura HX, Maki Y, Shimizu A: Phylogenetic 
evidence for the existence of novel thermophilic bacteria in hot spring 
sulfur-turf microbial mats in Japan. Appl Environ Microbiol 1 998, 64:1 680-1 687. 

36. Aim EW, Oerther DB, Larsen N, Stahl DA, Raskin L: The oligonucleotide 
probe database. Appl Environ Microbiol 1996, 62:3557-3559. 

37. Brosius J, Palmer JL, Kennedy JP, Noller HF: Complete nucleotide sequence 
of a 1 6S ribosomal RNA gene from Escherichia coli. Proc Natl Acad Sci 
1978, 75:4801-4805. 

38. Hall TA: BioEdit: a user-friendly biological sequence alignment editor and 
analysis program for Windows 95/98/NT. Nucleic Acids Symp Ser 1999, 
41:95-98. 

39. Cole JR, Chai B, Marsh TL, Farris RJ, Wang Q, Kulam SA, Chandra S, McGarrell 
DM, Schmidt TM, Garrity GM, Tiedje JM: The Ribosomal Database Project 
(RDP-II): previewing a new autoaligner that allows regular updates and 
the new prokaryotic taxonomy. Nucleic Acids Res 2003, 31:442-443. 

40. HuberT, Faulkner G, Hugenholtz P: Bellerophon: a program to detect 
chimeric sequences in multiple sequence alignments. Bioinformatics 2004, 
20:2317-2319. 

41 . Kumar S, Tamura K, Nei M: MEGA3: integrated software for molecular 
evolutionary genetics analysis and sequence alignment. Brief Bioinform 
2004, 5:150-163. 



doi:1 0.1 1 86/2046-9063-1 0-7 

Cite this article as: Jain et al: Molecular phylogenetic analysis of 
bacterial community and characterization of Cr(VI) reducers from the 
sediments of Tantloi hot spring, India. Aquatic Biosystems 2014 10:7. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



